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Introduction
The bottom sediments of water bodies are among the best sources of retrospective climate data. In meromictic lakes, they retain their layered structure for long periods of time. The absence of oxygen in the bottom water layer is favourable for the conservation of materials that settle to the bottom. Because of their silicon frustules, diatom algae, which are among the best paleo-indicators of water body development, are preserved well in bottom sediments. Lake Shira has long been a site chosen for studying the species composition and vertical distribution of phytoplankton (Popova, 1946; Aleksandrovskaya et al., 1959; Cherepnina, 1977; Kolmakov et al., 1993; Degermendzhy et al., 1996; Zotina et al., 1997; Zotina, 2001; Makeeva et al., 2012; Bolobanschikova et al., 2015) . Materials collected in sediment traps were analysed in 2012 (Bolobanschikova et al., 2015) . By 1996, the following diatoms had been identified in Lake Shira: Cyclotella choctawhatcheeana Prasad (Zotina, 2001) , formerly known as Cyclotella tuberculate Makarova & Loginova (Genkal, 2012) , Diatoma vulgaris Bory, Navicula sp., Nitzschia sp., and Stephanodiscus sp., with C. choctawhatcheeana definitely dominating (Zotina, 2001 ).
The species composition of diatoms in one part of the bottom sediment core from Lake Shira was analysed in a previous study (Bolobanschikova et al., 2015) . The purpose of this study was to investigate the species composition of diatoms in bottom sediments of two closely located lakes, Lake Shira and Lake Utichye-3, to reveal past changes in the conditions in the lakes and climate conditions of the region.
Materials and Methods
Lake Shira (54°30' N, 90°11' E) is situated in the north of the Republic of Khakassia (Russia).
The lake is meromictic, brackish (15-19 g/L of salt) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) , and weakly alkaline (pH 8.9-9.3). The lake area is 39.5 km 2 , and the maximum depth is 24 m (Rogozin et al., 2011 [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] . The mineral content of the water varies annually and seasonally between 7.9 and 5.9 g/L. The pH varies between weakly alkaline (pH=7.6) and alkaline (pH=8.3). The lake has no outflow, and the inflow is from ground, underground, and atmospheric water.
Sediment samples were collected in
May 2011 (Lake Shira) and July 2012 (Lake Utichye-3) using a box corer designed at the Institute for Biology of Inland Waters RAS (Borok) (Abakumov et al., 1983) . The sample collected from Lake Shira was 400 mm long (Bolobanschikova et al., 2015) , and the sample from Lake Utichye-3 was 210 mm long ( Fig. 1-2 ). In the laboratory, plastic tubes (d inner = 45 mm) were used to take cores from the samples. Then, both ends of each tube were sealed, and the tubes were stored at a temperature of +4°C in a strictly vertical position. In the laboratory, the cores were cut longitudinally and divided into halves with two thin stainless steel plates inserted into the cleft. After the core was separated, the plates were removed by moving them transversely, and thus, the split surfaces, with their visible horizontal layered heterogeneities, remained intact. The core halves were kept in air under weak light for 24 h to achieve the most distinct colour differences. Then, a colour photograph in vacuum-sealed polyethylene bags (Rogozin et al., 2005) . During sample collection, the upper layers of the core from Lake Shira were washed away and lost. Therefore, to obtain the same depth scale for all samples, we used the upper boundary of the first "white" layer as a reference point, which was set at 130 mm below the water-sediment interface ( Fig. 1-1 ). The exact position of this boundary was determined previously (Kalugin et al., 2013) . Visual counting of the layers showed that the upper boundary of the first "white" layer could be dated to 1945 (Kalugin et al., 2013) . No dating was performed for the bottom sediments of Lake Utichye-3. The species composition and abundance of diatoms in the bottom sediments were determined using a method described elsewhere (Bolobanschikova et al., 2015) .
In addition to the collection of bottom sediments, in 2012 and 2013, we used sediment traps at Lake Shira. The procedure of trap placement and sample collection and analysis is described in more detail elsewhere (Bolobanschikova et al., 2015) . The traps were (Abakumov et al., 1983) . After cooling the samples, the hydrogen peroxide was removed by washing the samples 5 times in distilled water using centrifugation; then, each sample was diluted with distilled water to achieve a volume of 1.5 ml.
The valves of the diatoms were counted and photographed using a light microscope Axiovert (Zeiss, Germany) equipped with an oil immersion objective (×100/n.a.1.4, DIC) and an electron microscope TM3000 (Hitachi, Japan).
Determination of the sedimentation rate was based on the total number of cells in the trap, the time of deployment of the trap, and the cross-sectional area of the trap. These data were compared with the available data on the diatom sedimentation rate in 2012 (Bolobanschikova et al., 2015) . Diatoms were identified using identification guides and taxonomic keys (Kützing, 1844; Zabelina et al., 1951; Krammer et al., 1988; Krammer et al., 1986; Krammer et al., 1991; Likhoshvai et al., 1997; LangeBertalot, 2001; Makarova, 2002; Genkal et al., 2009; Levkov, 2009; Genkal, 2012) . The correctness of the authors' species names and the currently used species names were checked at http://algaebase.org.
Results

Seasonal dynamics of the sedimentation of diatoms in Lake Shira
Qualitative determination of the material from the traps showed that in all periods, the diatom community had been dominated by C. choctawhatcheeana. The samples also contained Cyclotella meneghiniana Kützing and a few representatives of Amphora sp., Synedra sp., Navicula sp., Cocconeis sp., and Rhopalodia sp.
The sedimentation rate of diatoms in Lake 
Composition of diatoms in the sediments of Lake Shira
Analysis of the bottom sediments showed a non-uniform vertical distribution of diatoms in the core (Bolobanschikova et al., 2015) . The 
Composition of diatoms in the sediments of Lake Utichye-3
As dating of the layers of the core from Lake Utichye-3 was not performed, the results of the sediment analysis are presented as a description of the layers without approximate dates of their formation.
In contrast to the cores of Lake Shira, the frequency of occurrence of diatoms in the cores of Lake Utichye-3 was considerably higher, and diatoms were present in almost all layers.
The diatoms in the core were dominated by C. meneghiniana (Fig. 4) 112 mm. Diatoms found at a depth of 41-44 mm were dominated by Surirella cf. peisonis (Fig. 5) ;
this layer also contained numerous broken frustules of Surirella spp. (Fig. 6) We determined the number of valves of diatoms in the bottom sediments of Lake Utichye-3 (Fig. 7) and observed peaks in the 0-2 mm, 51-54 mm, and 82-83 mm layers: (152.8± 47.7)·10 6 , (323.3±101.1)·10 6 , and (146.9±77.8)·10 6 valves/g.
No diatoms were found in the 112-119 mm, 145-152 mm, or 165-210 mm layers. Fig. 5 . Diatoms in the bottom sediments of Lake Utichye-3. Scale bars 10 µm Fig. 5 . Diatoms in the bottom sediments of Lake Utichye-3. Scale bars 10 µm. Fig. 6 . Diatoms in the bottom sediments of Lake Utichye-3: parts of the shells of Surirella spp. Fig. 6 . Diatoms in the bottom sediments of Lake Utichye-3: parts of the shells of Surirella spp. Fig. 5 . Diatoms in the bottom sediments of Lake Utichye-3. Scale bars 10 µm. Fig. 6 . Diatoms in the bottom sediments of Lake Utichye-3: parts of the shells of Surirella spp. 
Discussion
Analysis of samples of water and sedimentation material from Lake Shira shows that since 1946, the species composition of diatom algae has remained unchanged (Popova, 1946; Aleksandrovskaya et al., 1959; Cherepnina, 1977; Kolmakov et al., 1993; Degermendzhy et al., 1996; Zotina et al., 1997; Zotina, 2001; Makeeva et al., 2012; Bolobanschikova et al., 2015) . C. choctawhatcheeana, which is a planktonic saltwater diatom that commonly occurs in eutrophic water bodies (Genkal, 2012) , has remained the dominant species. In addition to C. choctawhatcheeana, the samples contained numerous partially destroyed valves of R. constricta, a benthic brackish-freshwater species commonly occurring in water bodies with a low nitrogen to phosphorus ratio (Kützing, 1844; Krammer et al., 1988) .
Examination of the core showed the nonuniformity of the vertical profile of diatom numbers in the upper portion of the bottom sediments collected from Lake Shira. Diatoms were only found in the core layers above the carbonate white layers; the other core layers contained no diatoms (Bolobanschikova et al., 2015) . Utichye-3 may be that in the 1920s, the lake dried up (Parnachev, 1999) . During that period, no algal flora, including diatoms, could develop in the lake.
The literature data (Parnachev, 1999) suggest that the precipitation of the first white carbonate layer and the drying up of Lake Utichye-3 occurred at the same time, when the water levels in all the lakes of the North Minusinsk Depression were considerably lower than they are now.
Conclusion
The comparison of the bottom sediments from Lake Shira and Lake Utichye-3 suggests that the species composition of diatoms in the water (trap samples) and bottom sediments above the first white carbonate layer in Lake Shira is similar to the species composition of the upper part of the core from Lake Utichye-3. Although the diatom community of Lake Shira is now dominated by C. choctawhatcheeana (a saltwater species), both cores contain C. meneghiniana. The data obtained in this study suggest that the conditions in Lake Shira and Lake Utichye-3 changed several times in the past, and those changes were caused by changes in the climate of the region.
